Coal-workers in the southern part of Wales are particularly prone to pulmonary disease due to the inhalation of coal dust. In some men discrete foci of dust are scattered more or less uniformly throughout both lungs. This is called simple pneumoconiosis. In others there occur also one or more large localized masses of dust and dense fibrous tissue ( Fig. 1 ). This manifestation is referred to as massive pneumoconiosis or progressive massive fibrosis.
The literature contains many references to the coexistence of classical silicosis with primary lung cancer, but there are few accounts of coal-worker's pneumoconiosis with coexistent tumours. In a recent statistical study Kennaway and Kennaway (1953) have shown that primary cancer of the lung is less common in coal-workers than in the general male population. Their figures also show that in the South-Western Division of the British coalfields, where the incidence of pneumoconiosis is high, the incidence of lung tumour is low relative to that in other coalfields. In some other British coalfields where the pneumoconiosis incidence is low the tumour incidence is, for coal-workers, relatively high.
The object of the present inquiry was to obtain evidence regarding the relationship, if any, of pneumoconiosis to lung cancer in South Wales coal-workers.
The material was obtained during the six years 1947 to 1952 during which necropsies were made, in this department, on 1,827 coal-workers. During the same period post-mortem examinations were made of 1,531 South Wales males over the age of 21 not concerned with coal-mining. The pathological examinations of the miners were made on the instruction of coroners who had been told by the relatives that they considered death was due wholly or partly to dust disease. The symptoms of dust disease are well known to the mining community, and requests for necropsy are likely to be made by the relatives of men who have had chronic dyspnoea. This is shown by the high incidence of chronic lesions of the lung or cardiovascular system in this series. In many of the cases pneumoconiosis of varying degrees had been detected radiologically during life, and compensation had been paid.
It was considered that useful information might be obtained by studying the material as follows:
(1) Observation of the site of the cancer in relation to the site of the massive fibrosis in those in whom the two lesions coexisted; (2) comparing the cancer cases in the miners and non-miners in respect of the histological types of the tumours, the spread of metastases, and the age distributions at death; (3) by studying the incidence of cancer in relation to the severity of the dust lesion; (4) by comparing the cancer incidence in the miners with that found at necropsy in non-miners.
At necropsy one of each pair of lungs was distended by formol-sodium-acetate solution with a view to the preparation of a large section by the technique of Gough and Wentworth (1949) . The other lung was cut at the time of the necropsy and after naked-eye examination pieces were excised for microscopic study.
Results
Of the 1,827 miners, 967 In those with massive fibrosis and cancer one would therefore expect to find a preponderance of the tumours in or near the dust lesion. The fact that seven of the 12 cancers were remote from dust lesions suggests that it is unlikely that the dust has a local carcinogenic effect. Material from the lung tumours was available for microscopic examination in 56 of the lesions from miners and in 77 of the tumours found in non-miners. It was considered that if lung cancer in miners had a different aetiology from that in nonminers the difference might be shown in the microscopic structure. The lesions were therefore classified according to the methods adopted by Mulligan (1951) and Willis (1952) with the results shown in Table 1 .
It is apparent from Table 1 that there is a general similarity in the distribution of the various histological types in miners and non-miners, and that if coal has any aetiological effect it is not suggested by any difference in the histological appearance.
Fifty-seven of the 61 miners with lung cancer had died from it. The distribution of metastases in the 57 was compared with that in the 82 non-miners who had died of lung cancer. Table 2 shows the number of metastases found at 12 sites in each group, with the percentage incidence. The figures show that there is a general similarity in the frequencies with which metastases are found at these sites. The greatest difference observed was in respect of the brain, where secondary lesions occurred in 27% of the non-miners but in only 9 % of the miners. Table 3 shows data relevant to the comparative frequency of death in each age group in the miners and non-miners. The figures show that the miners resemble the non-miners in that there was in both a preponderance of lung cancer in the age groups 50 to 69 years.
Whole lung sections were use to classify the 967 cases of simple pneumoconiosis into three groups showing respectively slight, moderate, and severe degrees of the condition. The classification was made by comparing each lung section with two standard sections. One of the latter was designated as the upper limit of slight simple pneumoconiosis, the other was chosen to represent the lower limit of severe simple pneumoconiosis. Table 4 shows the distribution of the cancer cases in the miners in relation to the various degrees of pneumoconiosis, and in relation to the incidence in non-miners. Thus, taking the average incidence for all miners as 100, the incidence in miners with slight simple pneumoconiosis is 177 which approximately equals that in the group of non-mining males. The relative incidence diminishes with increasing severity of the pneumoconiosis and is least in those with massive fibrosis. It is necessary to consider whether this observed relative deficiency of cancer in miners with 1951) show that of males in the general population who reached the age of 30, only 9-8% died under 50, and 50 6% survived over the age of 70. Of all miners dying of dust disease it is possible that some selection takes place on an age basis and that relatively fewer of the older men are examined after death. My own experience suggests that if such selection occurs at all, the number of old men so excluded is so small that it does not disturb the general conclusion that pneumoconiosis carries a risk of death at a relatively early age. It is therefore possible that relatively early death from pneumoconiosis has the effect of reducing the incidence of lung cancer in miners in a coalfield such as South Wales where pneumoconiosis causes many deaths.
The incidence of primary lung cancer found by various authors at necropsy is summarized below. Gooding (1946) in South Wales coal-workers . . McVittie (1949) in South Wales coal-workers . . Present author in South Wales coal-workers . . Present author in South Wales non-mining males Doll (1953) Data derived from necropsy studies have the merit of accuracy of diagnosis but the disadvantage of inevitable difficulties in controlling the sample. It can, however, be said that the different incidences reported do not suggest that inhaled coal dust is carcinogenic.
Discussion
The relationship of classical silicosis to lung cancer has been studied by many authors, with divergent results. Dible (1934) , Klotz (1939) , and Anderson and Dible (1938) Sladden (1933), Sweany, Porsche, and Douglass (1936) , Vorwald and Karr (1938) , the Chief Inspector of Factories (1939) , Smith (1947), and Schoch (1954) .
In the 30th Annual Report of the British Empire Cancer Campaign (1953) the comment is made that there is very little information about the importance, if any, of coal mining as a cause of lung cancer. Information of some relevance to the present study was published by Raeburn and Spencer (1953) , who found that 11 out of 15 small lung cancers were near lung scars. The lung of the coal-worker, like his skin, frequently shows many dust-laden scars, and the infrequency of small tumours of the lung and skin in relationship to the frequent scars suggests that the coal-dust is not carcinogenic. Stocks (1952) , in an epidemiological study, observed that the comparative mortality rates from lung cancer in Merthyr Tydfil, Cardiff, and Swansea were respectively 77, 126, and 132. A large proportion of the population of Merthyr Tydfil is engaged in coal mining, whereas few coal-workers reside in Cardiff or Swansea. The total population of each of the latter is greater than that of Merthyr Tydfil, but even when allowance has been made for the known higher cancer incidence due to increased urbanization it appears that there is a relative preponderance of the tumour in the two non-mining populations.
In 1954 Blacklock, Kennaway, Lewis, and Urquhart reported on their study of the carbon content of the lungs in subjects who were not selected on an occupational basis. Part of their investigation involved the determination of the carbon content of the lungs of 26 London males, 16 of whom had lung cancer. In the cancer group the average total carbon content was 0 75 g. In the 10 without lung tumour the average carbon content was higher (0-9 g.). A similar study of the lungs of females showed that the total carbon was higher in the cancer group than in those without
cancer.
The present study shows that lung cancer is found at necropsy less frequently in coal-miners than in male non-miners of the same age group. It is possible that this discrepancy may be partly due to factors in the selection of the material. It seems likely, however, that the manner in which the material was obtained would tend to increase the observed incidence of lung tumours at necropsy in the miners, since the cases are selected mainly on the basis of a history of chronic lung disease.
The fatal cases of pneumoconiosis in this series show that in such cases there is a substantial reduction in the span of adult life and therefore less risk of lung cancer. The observed relatively low incidence of the tumour may be partly due to the effect of dust disease on survival. Summary Primary lung cancer was found at necropsy in 3-3% of 1,827 South Wales coal-miners and in 5.4% of 1,531 South Wales non-miners.
In 12 cases of lung cancer with massive pneumoconiosis the tumour was in the mass, or touching it, in five. In the other seven the tumour was remote.
Lung cancer in South Wales miners is similar to that in non-miners in respect of the ages at death, the distribution of the histological variants of the tumour, and the distribution of metastases.
The significance of these findings is discussed. Attention is drawn to the difficulty of diagnosing lung cancer in the presence of massive pneumoconiosis.
